ABSTRACT Using two-dimensional (2D)-PAGE, partial protein internal sequencing, and PCR with degenerate primers, we cloned a novel cDNA named HEP21 from hen egg white. The 0.5-kb cDNA encodes a 106 amino acid protein with a cysteine spacing pattern suggesting that HEP21 is a new member of the uPAR/CD59/Ly-6/ snake neurotoxin superfamily. The closest homology of HEP21 is to mouse Ly-6C. Unlike most members of this (Key words: chicken egg white, HEP21, cDNA, amino acid sequence, uPAR/Ly-6)
INTRODUCTION
Egg white has represented a major raw material for the food industry for many years because of its technological properties, especially foaming and gelling. For that reason, much research has been focused on the knowledge of the components implicated in these properties, i.e., the major proteins. Their structures and the modifications according to the physicochemical conditions are well known (Li-Chan and Nakai, 1989; Mine, 1995; Kato, 1997) . The protective and antimicrobial roles of this liquid for the embryo are well documented. This latter characteristic has been assigned to certain proteins, more particularly lysozyme and ovotransferrin (Garibaldi, 1960; Nath and Baker, 1973; Valenti et al., 1983) . Today, egg white is the main source for lysozyme used by the pharmaceutical and food industries. But, once again, research has only been carried out on certain components that are quantitatively predominant and only implicated in limited biological functions.
It is increasingly obvious that beyond its nutritional and protective roles, egg white very likely contains a great number of molecules involved in the complex regulatory The nucleotide sequence data reported in this paper have been submitted to the EMBL submission nucleotide sequence database and have been assigned the Accession Number AJ416114. 2 To whom correspondence should be addressed: nau@agrorennes. educagri.fr.
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protein family, HEP21 is not glycosylphosphatidylinositol (GPI)-anchored but is a secreted protein, as indicated by its localization and the presence of a signal peptide in its sequence. Moreover, HEP21 appears as an original member of this protein superfamily because it is predominantly expressed in a tissue, i.e., the oviduct, and especially the magnum where the egg white components are secreted.
phenomena that take place during embryo development (Stevens, 1996) . Thus, egg white could be a very rich medium with numerous and various biological activities, possibly of interest to the medical and pharmaceutical sectors, as well as for understanding biological phenomena, which could lead to preparation of bioactive fractions. However, this research is now limited by very poor knowledge about the precise composition of egg white. Only about 20 proteins have been identified in this biological liquid (Li-Chan and Nakai, 1989) .
With recent developments of new methods for analysis and characterization of proteins, such as two-dimensional (2-D) electrophoresis techniques, molecular biology techniques, and mass spectrometry, it is now possible to isolate, study, and characterize certain components present in very low concentrations. A large number of minor proteins, still not identified, have been revealed in hen egg white (Désert et al., 2001 ). The present study reports on the isolation and amino acid sequencing of a 21-kDa protein named HEP21 (for hen egg protein 21 kDa), as well as its corresponding cDNA sequence, protein localization, and tissue expression.
MATERIALS AND METHODS

Egg White Preparation
Unfertilized eggs laid less than 8 d previously by ISABrown hens were used. A freshly broken egg was used for each electrophoresis. The white was manually separated from the yolk and gently homogeneized with a magnetic stirrer.
2D-PAGE and Spot Sampling
Hen egg white proteins were subjected to high-resolution 2-D electrophoresis according to the method described by O'Farrell (1975) , and modified by Gö rg et al. (1988) , on a pH 4 to 7 linear gradient. Protein samples were solubilized in a focusing solution containing 7 M urea, 2 M thiourea, 2 mM dithiothreitol (DTT), 4% 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate (CHAPS), and 2% immobilin pH gradient (IPG) buffer (type pH 4-7L).
3 The surfactant CHAPS and chaotropic thiourea were used throughout isoelectric focusing to improve protein solubility and transfer to the second dimension (Rabilloud, 1998) . Isoelectric focusing was conducted with a Multiphor II unit 3 on 13-cm IPG strips (type pH 4-7L) 3 using a gradient mode yielding 30,000 Vؒh. After focusing, the gel strips were equilibrated for 10 min in an excess of buffer containing 50 mM Tris-HCl pH 6.8, 6 M urea, 30% glycerol, 1% SDS, and 25 mM DTT. This step led to complete reduction of disulfide bridges and denaturation of polypeptides by SDS.
A second 10-min equilibration step in the same solution, but containing 250 mM iodoacetamide instead of DTT, was then performed in order to block sulfhydryl (SH) groups according to Gö rg et al. (1987) . Proteins were then subjected to SDS-PAGE according to Laemmli (1970) . Strips were placed on top of 2-D 12% acrylamide gels (16 × 16 × 0.1 cm slab). Migration was then performed in 25 mM Tris buffer containing 192 mM glycine and 0.1% SDS. Electrophoresis was carried out at 150 V in the separating gel. After migration, gels were fixed and stained in 0.05% Coomassie blue R250, 50% methanol, and 10% acetic acid. The studied spots, identified by position on the gel [isoelectric point (pI) and molecular weight (MW)], were cut out from the acrylamide gel with a clean scalpel blade.
Image Analysis
Image analysis was performed using Melanie II software. 4 MW and pI were calibrated by migrating low-MW markers and by using a broad pI kit, 3 respectively. 
Internal Amino Acid Sequence Determination
The protein spot was cut out from several identical semipreparative 2-D gels that had been stained in Coomassie blue (1,000 µg of proteins were loaded onto each gel), pooled, and sent to J. D'Alayer 5 for sequence analysis. Digestion of the protein inside the polyacrylamide gel was carried out with 0.2 µg of trypsin in 300 µL of 50 mM Tris-HCl, pH 8.6, containing 0.01% Tween 200, kept at 30 C for 18 h. The resulting peptides were separated by reversed-phase HPLC on a C18 column, through an elution gradient of acetonitrile in 0.1% trifluoroacetic acid. Amino acid sequencing of the major peptides was done with a model 473A liquid protein sequencer.
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Protein Electrotransfer and Spot Sampling
The proteins separated by 2D-PAGE were blotted on Immobilon P SQ membrane 7 in a semidry Trans-Blott Cell system. 8 Blotting was performed at 400 mA and 7 V for 2 h in 50 mM Tris-HCl, pH 8.4; 40 mM glycine; 0.1% SDS; and 20% methanol. The membrane was stained for 1 h in a solution of 0.05% Coomassie blue R 250 in 10% acetic acid and 30% ethanol and then destained successively in a solution of 30% ethanol and 8% acetic acid. The membrane was rinsed for a few minutes in methanol and then air-dried. The spot considered was cut out from the membrane with a clean scalpel blade.
N-Terminal Amino Acid Sequence Determination
The spot was cut out from the membrane resulting from the transfer of a semi-preparative 2D-PAGE gel with an initial loading of 1,000 µg of egg white proteins. The N-terminal sequence was then determined by automated Edman degradation by J. D'Alayer.
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RT-PCR for HEP21 Cloning
The RNA samples (5 µg), prepared by using a RNA InstaPure kit 9 to extract tissues from the magnum, were reverse transcribed for 60 min at 42 C, after addition of RT buffer, 10 0.5 mM dNTP, 200 U MMLV reverse transcriptase, 9 40 U Rnasin, 9 and 2.5 µg anchored polyT primer (dTanc: 5′-T(29) VN) 11 in final reaction volume of 20 µL. The resulting cDNA pool (cDNAmag) was stored at −20 C until further amplification. A forward degenerate primer, called As (5′-TAYAARATHCCNTAYGT), deduced from HEP21 peptides 3 and 4 (see results) and synthesized by Life Technologies, 10 was used for a first PCR (PCR1) with cDNAmag as template. This primer consisted in a mix of 96 oligonucleotides.
The PCR1 was performed in a 25 µL final reaction volume containing 1 µL cDNAmag solution, 75 pmol primer As, 75 pmol primer dTanc, 0.2 mM of each dNTP, PCR 1× buffer, 1.5 mM MgCl 2 , and 2.5 U of Taq Polymerase. 10 The amplification steps were as follows: cDNA denaturation (4 min at 95 C); 30 cycles of PCR amplification in touchdown mode [30 s at 94 C; 30 s between 58 to 40 C (with a 2 C decrease every three cycles); 30 s at 72 C]. To increase the product quantity, 15 cycles each of 30 s at 94 C, 30 s at 40 C, 30 s at 72 C, and a final elongation cycle (7 min at 72 C) were performed.
Rapid Amplification of cDNA 5′ Extremity
Rapid amplification of cDNA 5′ extremity (5′ RACE) PCR was performed using the SMART RACE cDNA amplification kit from Clontech 12 according to the manufacturer's instructions. A gene-specific anti-sense primer, called Bas (5′-ATCTGTGGGGTCATCATCCC) was deduced from the last 20 nucleotides of the AsdTanc encoding fragment previously obtained and sequenced. This primer was used to generate a 5′ cDNA fragment, in association with the UPM primer provided.
cDNA Analysis
Five microliters of the PCR-amplified cDNA products were analyzed on 1% agarose gels stained with ethidium bromide. Lengths and concentrations of amplified products were estimated by comparison with SMART Ladder marker.
10 The PCR-amplified cDNA products were sent to Eurogentec 9 for sequencing. Eurogentec, Seraing, Belgium.
10
Promega, Charbonnières, France.
11
Invitrogen-Life Technologies, Cergy-Pontoise, France.
12
Ozyme, Montigny le Bretonneux, France.
13
SPSS Science Software GmbH, Erkrath, Germany.
FIGURE 2.
Agarose gel electrophoresis of PCR products generated from hen magnum cDNA by reverse transcriptase-PCR with As and dTanc primers (Lane A) and by 5′ RACE-PCR with Bas primer (Lane B). Lane M = 100-bp DNA ladder.
Cloning of HEP21
A cDNA amplification was performed using two primers positioned above and below the encoding sequence that was previously determined (forward primer: 5′-TGATCCGCAAAGGAACTCCCC and reverse primer: 5′-AAGTTTGGTGCAGGACTCGCA). The resulting PCR product was cloned into the pCR 2.1 vector 10 and sequenced on both DNA strands. A number of cDNA were sequenced to verify the sequence of HEP21.
Tissue Expression
Total RNA was prepared by using an RNA InstaPure kit 8 to extract tissues from the different parts of the oviduct (magnum, white and red isthmus, shell gland) and from liver, kidney, duodenum, brain, spleen, and bursa of Fabricius. Hens were sampled at two stages of egg formation: during the egg white deposition (3 h postoviposition) and during eggshell calcification (16 h postoviposition). Reverse transcription was performed with 5 µg RNA, using random primers and 200 U superscript II reverse transcriptase (RNase H − ) 10 at 42 C for 60 min. PCR amplification was performed to amplify nucleotides 34 to 433 of the HEP21 cDNA sequence (numbered as indicated on Figure 3 ) for 30 cycles at 60 C, using the following primers: forward, 5′-TGCGTTGGAGTGGTTG AAGCTC; reverse, 5′-AAGTTTGGTGCAGGACTCG CAG.
The sequence of this 400-bp PCR product was verified by automated sequencing protocols, and radiolabeled ( 32 P) by random priming at room temperature to serve as a cDNA probe for Northern blotting. RNA from various tissues (20 µg) was separated on 1% agarose gel containing formaldehyde and transferred to Hybond N membrane by standard protocols (Sambrook and Russel, 2001 ). 3. Nucleotide sequence of cDNA and deduced amino acid sequence of HEP21. Amino acids are shown in the single-letter code and numbered from the first codon after ATG. The shaded amino acid sequences correspond to the two major peptides (numbers 1 and 3) determined by tryptic digestion and reversed-phase HPLC analysis. The underlined nucleotide sequences, 76 to 92 and 299 to 318, were used for the forward (As) and reverse (Bas) primers, respectively. The arrow and the asterisk indicate the signal peptide cleavage site and the stop codon, respectively. A portion of the 5′ and 3′ untranslated sequence is presented.
The membrane was hybridized with the labeled probe overnight at 42 C and washed with a 0.06 M sodium citrate-0.6 M sodium chloride (SCSC buffer) according to the following procedure: 15 min at 42 C with SCSC and 0.1% SDS and three times for 15 min (twice at 42 C, once at 55 C) with SCSC twofold diluted 0.1% SDS. Labeled bands were visualized and quantified with a Storm phospho-imager. The size of the HEP21 transcript was calculated to be 750 nucleotides. Two-way analysis of variance was used to study the effect of stage of eggshell formation and tissue on level of HEP21 expression using SYSTAT software.
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RESULTS
Isolation of the Minor HEP21 Protein in Egg White and Partial Amino Acid Sequencing
Two-dimensional electrophoresis enabled the detection of many minor proteins (Désert et al., 2001) . Among the higher intensity unidentified proteins, we focused our attention on three spots, localized in the gel area corresponding to small (MW <25 kDa) and slightly acidic proteins (pI about 6) (Figure 1) . Each of these three spots was the subject of preparative 2D-electrophoresis, with intentional overloading for Coomassie blue staining. After sequencing of some tryptic peptides derived from these proteins, two were revealed to be not novel. Spot 1 contained the amino acid sequence ISFLGED, corresponding to the fragment 60 to 66 of Ch21 protein, also called quiescence specific protein. Initially found in chick embryo skeletal tissues and belonging to the superfamily of lipophilic molecule carrier proteins called lipocalins, this protein was recently observed for the first time in hen egg white (Larsen et al., 1999) . Spot 2 did not correspond to any known protein. However, after cDNA sequencing, using a methodology identical to that presented in this paper, it appeared that the resulting amino acid sequence was very similar to representative members of the same superfamily proteins as Ch21 and, more precisely, with a cytosolic fatty-acid binding protein. Moreover, it is the same as a chicken expressed sequence tag (EST) (GenBank gi 14471882, EST pgf1n.pk001.b17). On the other hand, spot 3 seemed completely novel, corresponding to an apparent MW of 21 kDa and a pI of 6.3. This protein turned out to be a novel hen egg white protein, hereafter called HEP21 for Hen Egg Protein 21 kDa.
The tryptic hydrolysis of the HEP21 spot resulted in 24 chromatographic peaks, among which two were sequenced. The first chromatographic peptide (peptide 1) showed a major four-amino acid sequence (VTLY) to be identified. Peptide 3 sequencing allowed a five-amino acid sequence (YKIPY) to be identified. Two other minor sequences of 14 and 10 amino acids (VTLY GQQGHTSALN, peptide 2; and IPYVYTFHHK, peptide 4, respectively) were also found mixed with peptide 3. Because of low-quality materials available in these two minor components, the C-terminals gave unascertained residues (underlined). However, it appeared quite clearly that peptides 1 and 2 overlapped, as well as peptides 3 and 4. Moreover, these sequences did not correspond to any known protein sequence from the protein sequence data banks (SwissProt, TrEmbl, and PIR). That is the reason why we decided to analyze the complete cDNA and amino acid sequences of this new HEP21 protein.
HEP21 Sequencing
Among the reliable amino acid sequences previously determined, and considering the minimum length for a high primer specificity, we choose the "YKIPYV peptide" fragment, deduced from the overlapped peptides 3 and 4, to design one degenerate As primer (see Material and Methods). The PCR amplification of cDNA using this primer in association with anchored polyT (dTanc) generated a unique fragment of approximately 450 bp ( Figure  2 , Lane A). The sequencing of this fragment (named AsdTanc) was performed with the As primer, generating a sequence of about 450 nucleotides (Figure 3) . The translation of this sequence confirmed the specificity of this fragment for the HEP21 protein; one of the three putative open reading frames enabled matching of amino acid sequence of peptide 1 (VTLY). Moreover, this peptide actually appeared to correspond to a tryptic cleavage site as expected, as the preceding amino acid was a lysine (K) (Figure 3) . Because of the position of the first stop codon obtained with this open reading frame, one 189 nucleotide sequence, corresponding to the 63 C-terminal amino acids was thus identified. Nucleotides 322 to 555 corresponding to the 3′ noncoding cDNA (Figure 3) were also identified.
The missing 5′ fragment was amplified using 5′RACE-PCR with specific UPM primer crossed with Bas reverse primer. The latter corresponded to the 3′ end of the encoding sequence previously determined (Figure 3) . The resulting UPMBas product exhibited one amplified band of approximately 450 bp (Figure 2, Lane B) . The nucleotide sequence, using Bas primer perfectly overlapped with the AsdTanc fragment previously determined, confirming the specificity of the PCR product. A start codon (ATG) was identified about 300 nucleotides upstream of the Bas primer. However, the N-terminal sequence of HEP21 (LQCKVCKY) corresponded to fragment 19 to 26 of the translated nucleotide sequence from the ATG codon. The sequence 1 to 18 could then correspond to a signal peptide, with this assumption being confirmed by the SignalP prediction method (Nielsen et al., 1997) . We can now assume that the complete nucleotide and amino acid sequences corresponding to the HEP21 protein were determined. They comprise 318 nucleotides and 106 amino acids, respectively (Figure 3) .
Expression of HEP21 in Hen Oviduct Tissues
The tissue origin of HEP21 was examined by determining the expression of HEP21 mRNA by reverse-transcription PCR and Northern blotting (Figures 4 and 5) . Northern blotting revealed that HEP21 mRNA was strongly expressed in the magnum. A 750-nucleotide mRNA was detected in agreement with the partial cDNA sequence of 556 nucleotides (Figure 4a ). For the white isthmus, we observed a heterogeneous electrophoretic mobility, due to migration variations between samples as indicated by 18S and 28S (data not shown). Quantitative analysis of these results (Storm phospho-imager) indicated that there were no significant differences in HEP21 mRNA levels in magnum between 3 and 16 h post-oviposition (P = 0.125; n = 5). These time points were used during egg white deposition (3 h post-oviposition) and after egg white deposition during eggshell calcification (16 h post-oviposition). Samples from these two stages were therefore pooled for tissue expression analysis (Figure 4b) . Tissue expression was the highest in the magnum (average: 1,982,880, arbitrary units; standard deviation: 1,304,484) and was different from the other tissues tested (P < 0.001) (Figure 4b ). In the white isthmus, the HEP21 mRNA level was 3.7% of that expressed in the magnum (72,684 ± 59,923). This expression was significantly higher than that observed in the other tissues (P < 0.001). Shell Following reverse transcription, PCR was performed using primers designed to amplify a 400-bp portion of the HEP21 sequence. Standards (100-bp ladder) are on the left. gland (uterus) mRNA expression (8,698 ± 8,699) was higher than that detected in the liver (2,097 ± 2,420) but not significantly different from the red isthmus (3,074 ± 1,726), kidney (3,428 ± 1,431), duodenum (2,699 ± 2,297), or brain (1,758 ± 1,354).
Expression of HEP21 was investigated by a more sensitive method, reverse-transcription PCR, with specific primers already used for Northern probe generation (Figure 5) . HEP21 is expressed along the length of the oviduct. Robust PCR signals were observed with cDNA prepared from magnum and white isthmus. Red isthmus and shell gland also demonstrated detectable levels of HEP21 mRNA. A faint signal could also be observed in the liver, whereas kidney, duodenum, brain, spleen, and bursa of Fabricius were negative.
DISCUSSION
Searching for cDNA and protein homologies using the NCBI and EMBL databanks revealed that the HEP21 sequence represents a novel previously uncharacterized cDNA and, consequently, a novel protein. In the same way, no significant alignment could be obtained with the FIGURE 6. Sequence alignment of mature HEP21 and the Ly6/uPAR domain signature pattern (PROSITE PS00983) and the shorter motif consensus of the uPAR/Ly6/snake venom neurotoxins (Ploug and Ellis, 1994) . Distances between the conserved cysteine residues are indicated when they are defined (ND = not determined), as well as disulfide bonds. accessible chicken EST banks (web sites of Roslin Institute, http://www.ri.bbsrc.ac.uk/chickmap, and University of Delaware, http://www.chickest.udel.edu). Nevertheless, a nearly perfect alignment (98% identity) was obtained with the last 273 nucleotides of the HEP21 sequence and part of a Gallus gallus sequence tagged site (MCW312 Chicken, GenBank gi 2138014) previously identified by Crooijmans et al. (1997) . This sequence tagged site was not annotated, and the alignment only includes the last 36 nucleotides of the HEP21 encoding cDNA.
A search of domain signature patterns, realized with Pfam, PROSITE, and SMART databanks clearly highlighted that HEP21 is a new member of the multifunctional uPAR/CD59/Ly-6/snake toxin family. The uPAR protein (urokinase plasminogen activator receptor) is an important mediator in the cellular process of cancer development and invasion, angiogenesis, and metastasis (Andreasen et al., 2000; Mazar, 2001) ; the Ly-6 type antigens are involved in T-lymphocyte activation (Palfree et al., 1988; Gumley et al., 1995) ; the CD59 proteins are the most potent inhibitors of complement-mediated lysis (Brooimans et al., 1992) . FIGURE 7. Primary amino acid sequence of HEP21 and similarity to Ly6C and Ly6D from mouse and uPAR bovine. Sequence comparisons were optimized for uPAR/Ly6 domain alignments using the CD multiple alignment for pfam00021 program (NCBI web site using Blosum 62 matrix). Boxed letters are identical amino acids to HEP21, and shaded areas represent nonstrict identity. The arrow indicates the beginning of the N-terminal sequence.
Although they have a diverse array of biological functions, this family is characterized by a common cysteinerich domain of 70 to 90 amino acids containing 8 to 10 regularly spaced cysteines capable of forming four to five disulfide bonds and conferring a specific three-dimensional structure to these proteins (Ploug et al., 1993) . Most of the members of this family contain a single copy of this cysteine-rich domain, with the exception of uPAR, which contains three sequential domains, and the PLA2 inhibitors from cobra and RoBo-1 from rat bone tissues, which contain two sequential domains (Fortes-Dias et al., 1994; Ohkura et al., 1994; Staton et al., 1998) . Moreover, the uPAR/Ly-6 domain contains a highly conserved short consensus sequence: the motif CCxxXxCN (X being D for 85% of the identified proteins) (Figure 6 ) (Ploug and Ellis, 1994) . Figure 6 shows HEP21 as composed of a single copy of the specific uPAR/Ly-6 domain, which corresponds to these various structural characteristics. Some assumptions can then be made concerning the putative disulfide bridges between the cysteine residues: Cys21-Cys48, Cys24-Cys33, Cys42-Cys66, Cys72-Cys90, and Cys91-Cys96.
However, HEP21 cannot be clearly related to only one of the uPAR/Ly-6 subfamilies as defined by Ploug and Ellis (1994) . For example, the distance between C42 and C48 is related to short and long snake neurotoxins subgroups, whereas the distance between C48 and C66 is related to cardiotoxins and weak neurotoxins subgroups, and the distance between C72 and C90 is related to uPAR, Ly-6, and CD59 subgroups. By using multiple alignment or blasting-2-sequences tools, the closest homology of HEP21 was with mouse Ly-6C and Ly-6D: 27 and 28% identity, respectively, and 39 and 35%, respectively, when the amino acids with similar chemical properties are considered (nonstrict identity), and with the bovine uPAR: 23% identity and 39% nonstrict identity (Figure 7) . It is noticeable that the only member of this protein family identified in the chicken (Ly-6E chick) does not reveal any significant identity with HEP21 and, thus, cannot be considered as homologous (data not shown).
Nevertheless, a noticeable difference seems to exist between HEP21 and most of the known members of the uPAR/Ly-6 superfamily, which, except for the snake serum-derived phospholipase A2 inhibitors and the mouse and rat uPAS (urokinase plasminogen activator surface receptor, secreted form), all would be attached to the plasma membrane by glycosylphosphatidylinositol anchors (GPI-linked) (Kristensen et al., 1991; Ploug et al., 1993; Fortes-Dias et al., 1994; Rabbani et al., 1994) . Indeed, the structural predictions for HEP21 (accessible software on Expasy, according to Eisenhaber et al., 2000) are not in accordance with an assumption of this kind of GPIlinked protein, because of a too short hydrophobic Cterminal tail. This result agrees with the secreted nature of HEP21, as the protein is found in egg white and has a signal peptide sequence.
As for most of the listed members of uPAR/Ly-6 family, HEP21 would probably be glycosylated. The computer program PROSITE (prediction of motif sites) suggests a possible N-linked glycosylation site on an asparagine residue (N) in position 38 (NETT: Asn-Glu-ThrThr). Such a posttranslation modification could explain the significant difference observed between the theoretical molecular weight of mature HEP21, deduced from the amino acid sequence (10 kDa), and its apparent MW, estimated from the distance migration on 2D-PAGE gel (21 kDa). Indeed, the glycosylation of proteins reduces their mobility in SDS-PAGE because of the nonfixation of SDS on the glycosylated parts, inducing a lower ratio of SDS/protein (Poduslo, 1981) . Such electrophoretic behavior has been clearly related to glycosylation with human uPAR (Ploug et al., 1993) .
The structural prediction programs also suggest that four putative phosphorylation sites are on threonine residues (T) 40 and 85 (TTCE and TSR, respectively), and on serine residues (S) 78 and 89 (SDAE and SCCE, respectively). However, this kind of modification is not indicated for any member of the uPAR/Ly-6 family. Thus, the weak gap between the theoretical pI (6.7) and thus deduced from the distance migration on 2D-PAGE gel (6.3) would more probably result from the inaccuracy of such a measurement or from the inaccessibility of some parts of the protein, because of the folding resulting from the putative disulfide bridges.
The question arises of the tissue origin of HEP21. The yolk, produced in the liver, is transported to the ovary, endocytosed by the oocyte, and ovulated from the single left ovary. After ovulation, the yolk migrates down the oviduct where the different egg components are added. The egg white components are secreted by the magnum. Shell membranes are deposited after the egg enters the white isthmus. Eggshell calcification is initiated in the red isthmus and then largely deposited while the egg remains in the shell gland (Nys et al., 1999; Gautron et al., 2001) . Because the HEP21 mRNA is expressed in all segments of the oviduct including the shell gland (eggshell calcification place), it is reasonable to propose that HEP21 protein is secreted locally from all these tissues to be incorporated in the white and also in the calcified part of the shell. It has already been reported that egg white proteins are included in the eggshell membranes and calcified layers to be involved in the eggshell process (Hincke et al., 2000; Gautron et al., 2001) . This assumption has to be further examined by studying the presence of HEP21 in the eggshell and its functional properties in the mineralization process. In any case, it is noticeable that HEP21 mRNA expression was detected predominantly in the oviduct tissues. Indeed, except for RoBo-1, a newly identified member of the uPAR/CD59/Ly-6/snake toxin family, none of the known members of this protein group have been found localized in a specific tissue (Staton et al., 1998) . Because of the diverse set of functions fulfilled by these proteins, at the present time it is not possible to conclude a role for HEP21 in hen egg white.
